One of the common methods used to install pile foundation is hydraulic jacked-in machine. In this method, a pile is pushed down into the ground up to the predetermined depth. The method has similar principle to that of Cone Penetration Test (CPT). This paper presents the correlation between the mobilize pressure required to install pile foundations and that required to push the bi-cones that attached at the tip of CPT rod. The results show that the penetration pressure required to install the pile into very soft clay layer is independent of pile diameter. The penetration pressure required to install the pile into soft to stiff clay layers depends on the pile diameter. The larger the diameter of piles, the smaller the penetration pressures required. The penetration pressure required to install the pile into stiff expansive clay layer beyond the depth of active zone can be predicted as high as the pressure calculated form CPT.
Introduction
Cone penetration test (CPT) is a field soil investigation technique, which formerly called Barentsenapparatus, was developed initially in 1932. The apparatus was named after Pieter Barentsen, who performed the first CPT for a road around Gouda in The Netherland. In 1965, H.K.S.Ph. Begemann built mechanical friction jacket cone to equip the Barentsen-apparatus so that it named Begemann cone [1] . Cone Penetration Test is a device to measure the point bearing and friction resistances of soil. These soil capacities are measured by mean of pushing steel rod that equipped with a device called bi-cones at its tip. The end bearing and sleeve resistances are called cone resistance (qc) and friction (fs), respectively. These resistances, in fact, are in the state of mobilize condition, since the data is recorded during the bi-cones is being pushed down into the soil.
Hydraulically jacked-in pile system is a method of installing pile foundation by means of pushing a pile into the ground. The system is also known as silent piler since there is no vibration and noise generated during the process of pile installation. The applied jacking-pressure to install a pile can be monitored and recorded at any depth along the pile. In other words, the recorded jacking-pressure represents the mobilize resistance of the installed pile. White and Deeks [2] stated that the jacking-pressure to install a pile can be compared to that to insert a bicones in CPT since both of them have similar principle of works. Lehane et al. [3] stated that the cone resistance (qc) of CPT is about 80% of the jacking-pressure required to install a pile. Mahler [4] compared bearing capacity of pile foundation, which was determined from Static Load Test data to that calculated theoretically using DIN 4014 method [5] , Bustamante and Gianeselli method [6] , Eurocode 7-3 method [7] , and ERTC3 method [8] . The investigated piles were Continuous Flight Auger (CFA) with diameter varied from 0.60 m to 1.00 m, which were installed in different soil conditions. It was reported that the predicted bearing capacity of pile was overestimated, compared to that determined from Static Load test data.
Hu et al. [9] conducted research about the set-up development of 300 mm diameter of steel pipe jacked-in piles correlated to a CPT, which was equipped with auxiliary sensor to measure the actual total shaft resistance. It was reported that there were three types of correlations between measured shaft resistance and that calculated using CPT data. Those types were grouped into three categories that include "weaken-type", "close-type", and "strengthen-type". When the measured shaft resistance of a pile is close to the calculated one, it was called close-type. The weaken-type and strengthentype were defined as the state, where the measured shaft resistance of a pile is less than and larger than that of calculated shaft resistance, respectively.
The aforementioned research mainly focused on the bearing capacity of non-displacement piles (CFA) installed in different soil conditions, which was determined from static load tests and that from predicted using several methods. While research performed by Hu et al. [9] employed single pile diameter only. This research was conducted to get better understanding of the relationship between pressure calculated from CPT and that required to install spun piles in different soil conditions, using jacked-in method. The diameter used in the research was 250 mm, 500 mm, and 600 mm.
The purpose of this research is thus to study the correlation between penetration pressure recorded from the jacked-in machine during the installation of spun piles with different diameter and that calculated analytically from cone penetration test (CPT) data.
Research Method
Pile dimension used in the research ranging from 250 mm to 600 mm. The data was collected from three different projects. Soil types in the area of the projects were dominated by clay layers that include expansive clay, very soft clay, and stiff clay.
Cone and Friction Resistance
The pressure of cone penetration test (CPT) can be calculated from the data of cone resistance (qc) and friction resistance (fs) at any depth, or can also be recorded directly from the readings during testing. The penetration pressure can be calculated from cone and friction resistances, as follows [10] :
Where: Cw : recorded pressure to push the tip of the bicones (kg/cm 2 ); Tw : recorded total pressure to push both the tip and shaft friction of the bi-cones (kg/cm 2 ); qc : cone resistance (kg/cm 2 ); fs : side friction resistance (kg/cm 2 ); Api : cross section area of the piston (cm 2 ); Ac : cross section of the bi-cones (cm 2 ); As : surface area of the side friction (shaft) of the bi-cones (cm 2 );
Based on the aforementioned equations, the total pressure required to penetrate a bi-cones can be obtained either from the records of total applied pressure (Tw) or by formula.
While the total pressure required to install a pile was recorded directly from the pressure indicator located in the operation room of the jacking machine or obtained by dividing load required to install a pile by its cross section area.
Data of the research was collected from three different projects. The information regarding the projects is presented in Table 1 . 
The Effect of Pile Diameter
The correlation between penetration pressure obtained from CPT data and that from jacked-in machine for piles with diameter of 250 mm, 500 mm, and 600 mm is presented on Figure 1 , Figure 2 , and Figure 3 , respectively. It can be observed that almost all pressures required to penetrate the piles with diameter of 250 mm (Figure 1 ) are inside the range of the penetration pressures recorded from CPT. Adopting the criterion stated by Hu et al. [9] , this condition can be categorized as close-type. While Figure 2 and Figure 3 show that the penetration pressures to install the piles with diameter 500 mm and 600 mm are smaller than those calculated from CPT or defined as weaken-type.
The discrepancy of penetration pressures required to install the pile with diameter of 250 mm and those of 500 mm and 600 mm might be caused by softening of soil around the installed piles in clays. During the process of pile installation, the volume of water that displaced by a pile squeezed out forming unstable mud layer around the pile shaft. The viscosity of the unstable mud layer increases with the volume of water displaced from the soil. Bhushan [11] stated that the larger the viscosity of the unstable mud layer, the lower will be the friction resistance of the pile. Therefore, the penetration pressures recorded from the jacked-in machine to install the piles with diameter of 500 mm and 600 mm were lower than those calculated from the CPT, as shown in Figure 2 and Figure 3 . In addition, it can also be seen that the penetration pressures required to install piles with diameter of 600 mm are lower than those with diameter of 500 mm. The penetration pressure required to penetrate 250 mm piles is about 85% of the average pressure calculated from CPT, as shown as curve 0.85 CPT avg in Figure 1b (factored of mean penetration pressures). While the penetration pressure required to install piles with diameter of 500 mm and 600 mm is about 65% of the average penetration pressures calculated from CPT, as shown in Figure 2b and Figure 3b , respectively. Hydraulically Jacked-in Pile in Very Soft Clay Layer Figure 4 shows the correlation between penetration pressure calculated from CPT and that required to install 600 mm piles into the 15 m thick of very soft clay layer underline by stiff clay. It shows that both penetration pressures in the upper part (from ground surface to the depth about 14 m) is quite the same, and then it begins to separate one and another where the penetration pressure calculated from CPT is larger than that recorded from jacked-in machine.
When a shaft is penetrated into a very soft clay layer, the volume of clay (and water) that displaced by the pile "flows" in horizontal and vertical directions. In other words, no unstable mud layer around the pile is formed since there is no increase of water content in the surounding soil. Therefore, the penetration pressure generated due to the pile installation is independent of the pile shaft. While in the deeper layer (below 14 m) that consists of stiff clay, the penetration pressure required to install the pile is lower than that calculated from CPT since the water displaced by the piles is squeezed out to form unstable mud layer around the periphery of the pile, which resulting a lower friction. The penetration pressure required to install a pile into lower layer (stiff clay) can be predicted as 65% of the average of penetration pressure calculated from CPT ( Figure  4b ) Hydraulically Jacked-in Pile in Expansive Clay Layer Figure 5 show the correlation between penetration pressure calculated from CPT and that required to install 500 mm piles into 12 m thick of expansive stiff clay layer (stiff clay). It can be observed from Figure 5a that the penetration pressure recorded from the jacked-in machine to install 500 mm diameter pile into 5 m thick of expansive clay is larger than that calculated from CPT. This condition is categorized as strengthen-type [9] . While the correlation of the penetration pressure at the depth of 5 m to 12 m is considered as close-type, as shown in Figure 5b . As reported by Testana Engineering [12] , the depth of active zone (defined as the depth of upper layer that influenced by the change of water content) in the area of the project is 5m. The depth of the active zone is quite similar to that along the strengthen-type segmen as shown in Figure 5a . The strengthen-type might be caused by the increase of density of expansive clay (in dry state) due to pile installation. In other words, the friction between pile shaft and surrounding soil increases as the desity of soil increases. 
Conclusion
Based on the limited data, the initial study shows that:  The penetration pressure required to install the pile into very soft clay layer is independent of pile diameter since the displaced volume of clay "flows" outward, which does not form unstable mud layer around the pile.  The penetration pressure required to install the pile into soft to stiff clay layers depends on the pile diameter. The larger the diameter of piles, the smaller the penetration pressures required. The penetration pressure needed to install piles with diameter of 250 mm and 500 mm can be predicted as 0.85 CPT average and 0.65 CPT average, respectively.  The penetration pressure required to install the pile into stiff expansive clay layer up to the depth of active zone is in strengthen-type. While the penetration pressure required to install 500 mm diameter of pile can be predicted as high as the pressure calculated form CPT average.
